A method is presented for the determination of the rates of movement of macromolecules into and out of specific tissues by analysis of the serum and tissue concentrations of the intravenously injected labeled macromolecule. Transfer rates of albumin into and out of rabbit aorta, skin, tendon, sclera, and cornea are given. These rates, and the steady-state ratios of tissue albumin to serum albumin, are interpreted in terms of current theory regarding the diffusion and filtration of albumin at capillary and lymphatic exchange sites in the tissues. Transfer rates for average body tissue, obtained by iinalysis of the serum concentration of intravenously injected labeled albumin, are compared with the transfer rates for the specific tissues studied.
A method is presented for the determination of the rates of movement of macromolecules into and out of specific tissues by analysis of the serum and tissue concentrations of the intravenously injected labeled macromolecule. Transfer rates of albumin into and out of rabbit aorta, skin, tendon, sclera, and cornea are given. These rates, and the steady-state ratios of tissue albumin to serum albumin, are interpreted in terms of current theory regarding the diffusion and filtration of albumin at capillary and lymphatic exchange sites in the tissues. Transfer rates for average body tissue, obtained by iinalysis of the serum concentration of intravenously injected labeled albumin, are compared with the transfer rates for the specific tissues studied.
T H E concept that molecules as large as proteins cross the capillary barrier between plasma and tissue has developed from a study of the presence of large molecules in tissues and in lymph. Transcapillary movement has been postulated to explain the presence of plasma proteins in tissues 1 and is clearly the explanation of the movement of intravenously injected labeled proteins 2 and maeromolecular carbohydrates 8 into tissues. Numerous studies on the accumulation of lipids, particularly in arterial tissues, have led to the belief that lipoproteins pass from plasma into tissues. 4 The presence in lymph of many kinds of plasma proteins suggests that transcapillary passage of these molecules has occurred. 5 The appearance in lymph of iodinated albumin 0 and of maeromolecular carbohydrates 7 injected intravenously proves that these substances have passed through capillary walls.
So far, data collected on the accumulation of maeromolecules in tissues have not been analyzed to yield rates of movement into and out of specific tissues. The method of study of capillary permeability originated by Pappenheimer and his associates 8 " 10 cannot be applied to molecules as large as albumin, though it has given much information on the transcapillary passage of smaller solutes. This report analyzes the accumulation of iodinated albumin in rabbit aorta, skin, tendon, sclera and cornea to obtain transfer rates of albumin into and out of these tissues, and discusses various aspects of these rates of transfer. The approach is applicable to the study of transfer rates of many large molecules in tissues. METHODS Human serum albumin labeled with radioactive iodine (Risa, Abbott) was injected intravenously into a series of rabbits averaging about 2 Kg. in weight. The iodinated albumin contained approximately 1 atom of iodine per 5.5 molecules of albumin. All determinations of the gamma activity of radioiodine were made with a welltype scintillation counter. Three rabbits were killed at each of the following intervals after injection : 2 and 10 min., 6 and 12 hours, and 1, 2, 4 and 6 days. Four rabbits were killed at 8 days. The radioactivity of the serum, and that fraction of the radioactivity which was dialyzable through cellophane, were determined. This radioactivity 7 which could be separated from radioalbumin by dialysis consisted of ionic iodide and iodinated amino acids. It was fractionated into these two components for a number of rabbits by the addition of silver nitrate to the protein-free material," precipitating the ionic iodide. The rabbits killed at 2 and 10 min. had been injected with radioalbumin which had been dialyzed free of dialyzable radioactivity. Thus there was no dialyzahle iodine in their sera. Some of the rabbits killed 6 and S days after injection of albumin had relatively high concentrations of dia-lyzable iodine. This was due to the destruction of the foreign albumin by immunologie processes and release of radioactivity in dialyzable form. 15 Data from these rabbits were discarded, and additional rabbits were studied to provide data to replace that discarded. The radioactivity of the inner layer of aorta, of skin from the flank, of tendon from the leg, of sclera, and of cornea was determined. Since the radioactivity of an aliquot of the material injected was determined at the same time as the radioactivity of the biological specimens, and since concentrations were expressed as fractions of the injected dose, no correction for the physical decay of radioiodine was necessary.
To prepare aortic tissue, the aorta was dissected out and opened by a longitudinal incision. The endothelial surface was blotted dry. A shallow transverse cut was made across the aorta through the endothelial surface. The inner portion of the aortic wall from just below the thoracic great vessels to just above the diaphragm was then stripped free. In some of these experiments, and in a number of similar experiments with solutes not reported here, an outline of the area to be stripped was traced onto transparent paper and measured. The thickness of the removed layer of aorta was calculated from this area, the weight of the aortic tissue, and the specific gravity of aortic tissue, which is 1.07. Sections of the inner and outer portions of several stripped aortas were stained with connective tissue stains.
A series of rabbits injected intravenously with sodium radioiodide was also studied. Two rabbits were killed at each of the following intervals after injection: 2 and 10 min., and 2, 5, and 24 horn's. The radioactivity of the sera and the tissues was determined at these times.
The fraction of each of the tissues-aorta, skin, tendon and sclera-which was interstitial water was determined by analysis of tissues equilibrated in vitro with sucrose in Ringer's solution for 24 hours. The fraction of interstitial water was calculated by dividing the tissue sucrose concentration by the sucrose concentration in the Ringer's solution. Cornea could not be studied in this fashion since it swelled greatly in Ringer's solution.
Serum total protein concentration for some rabbits was determined by the micro-Kjeldahl method. Serum albumin was similarly determined after precipitation of the globulin with 23 per cent sodium sulfate. 
RESULTS

Characteristics of the Tissues Studied.
In the stained sections of the stripped aortas it * The serum radioiodide concentration is expressed as 1,000 times the fraction of the injected dose per kilogram of body weight in each millihter of serum. could be seen that the split had been made through the media. Thus the layer taken for analysis consisted of intima and an inner portion of media. There were no capillaries in this layer. The mean thickness of this inner layer of aorta in 131 rabbits was 0.115 mm. (S. D. ± 0.016 mm.). The sucrose space (tissue sucrose concentration/ambient fluid sucrose concentration) for aorta was 0.73, for skin 0.51, for tendon 0.64, and for sclera 0.65. The average serum total protein and albumin concentrations were 5.1 and 3.8 Gm./lOO ml., respectively.
Analysis of Sodium Iodide Data. Radioiodide concentration is expressed as the fraction of the dose given per kilogram which is contained in a millimeter of serum or gram of tissue. The serum radioiodide concentrations and the tissue-serum concentration ratios are given in table 1. The exchange between serum and tissue is so rapid relative to the fall of serum concentration that the values obtained at a falling serum concentration are very close approximations of the values which would exist at a constant serum concentration. The values for these ratios that are used in later computations are the means of the 2, 5, and 24 hour values.
Preliminary Treatment of Radioalbumin Data. The circulating radioalbumin was constantly being broken down into smaller fragments which were dialyzable through cellophane. The fraction of the total serum radioactivity which was dialyzable was determined for each rabbit. The average of these frac- tions was 0.022. The fraction of dialyzable iodine which was ionic iodide was determined for a number of rabbits. The average of these fractions was 0.80. In the following calculations we have assumed that all the dialyzable radioactivity was ionic iodide. The error introduced by this assumption appears to be negligible. Serum activity due to radioalbumin was calculated by subtracting dialyzable radioactivity from total radioactivity. The concentration of activity due to dialyzable iodine in each tissue was calculated as the product of the serum dialyzable activity and the tissue-serum ratio obtained from the experiment with sodium radioiodide. These calculated concentrations of dialyzable activity in tissue were subtracted from tissue concentrations of total activity to give the tissue concentrations of activity due to radioalbumin.
The tissue-serum ratios of concentrations of activity due to radioalbumin were appreciably above zero at 2 min. Since these ratios were achieved within 2 min. and did not change in the next S min., they are thought to be due to radioalbumin on the endothelial surface of the aorta or in the blood vessels of the other tissues rather than to the penetration of tissues by radioalbumin. These ratios were used to calculate the activity due to radioalbumin on aortic endothelium or in the blood vessels in the 6 hour to 8 day determinations. The ratios due to intravascular activity were less than 5 per cent of the tissue-serum ratios attained by 2 days except for aorta, for which the value due to endothelial activity was one third of the value at 2 days. The intravascular activity due to radioalbumin was subtracted from the total tissue activity due to radioalbumin. The total calculations can be expressed as follows:
where . 5 = serum activity ; y =-tissue activity ; subscript a = due to radioiodine on albumin ; subscript t = due to total radioiodine; subscript d = due to dialyzable radioiodine; R = ratio of tissue radioiodide to serum raiioiodide determined in the experiment with sodium iodide; and B »= ratio of tissue to serum radioalbumin determined in the 10 min. radioalbumin experiment.
Concentration in serum or tissue is expressed as the fraction of the dose given per kilogram of body weight which is contained in a milliliter of serum or gram of tissue. The serum radioalbumin plotted against time is shown in figure 1. The ratios of tissue i-adioalbumin to serum radioalbumin plotted against time are shown in figure 2.
Analysis of Radioalbumin Data. In the analysis presented in this section it is assumed that radioalbumin passes from serum into each tissue. It is assumed that it leaves each tissue by a route or routes which we do not need to specify. This model is illustrated in figure 3 . It is also assumed that mixing with-
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Fia. .'t. The model assumed for the determination of the rates of movement of albumin from serum to tissue and out of tissue. Albumin moves from serum to tissue. It moves out of tissue by a route or routes that are not specified, fci designates the amount of albumin entering 1 6m. of tissue/day expressed as the fraction of the amount in 1 ml. of serum, ifci designates the amount of albumin leaving 1 Gm. of tissue/ day expressed as a fraction of the amount in that grnm of tissue.
in the tissue is instantaneous and that the transfer processes are of the first order with respect to serum and tissue concentrations. From these assumptions dy/dt = k,s -Ay/ (1) where: y -= concentration of radioalbumin in the tissue under consideration; s -= concentration of radioalbumin in serum; fcj = amount of radioalbumin transferred into a gram of the tissue per day expressed as a fraction of the amount in one milliliter of serum; kn =-fraction of the amount of radioalbumin in one gram of the tissue transferred from that gram of tissue per day; and t = time measured in days.
The experimentally determined serum concentrations will be seen to satisfactorily fit the equation when A\, A?, Xi, and Aa are given values derived by analysis of the serum data.
Let z denote the ratio of the concentration of radioalbumin in tissue to its concentration in serum. That is z = y/s.
(3) Substituting equation (2) in equation (1), integrating, and introducing the initial condition that at t = 0, y =» 0, gives us an expression for y as a function of t. Dividing this by s we have from equation (3) Differentiating equation (3) and substitut-DUNCAN, COKNFIELD AND BUCK ing equation (1) in the result, we almost immediately have dt --"fei -(fci+d In s/dt)z. dt (5) Evaluating at t =-0 we get
Thus k x is equal to the slope of z plotted against t evaluated at t =• 0.
Let Ai designate the smaller of the X's. Then if k 2 > X 1( we find from equation (4) that Km z n t-«° fcj -Xi (7) However, if k 2 < \ 1 ( then z increases without limit as t increases without limit. When fe 2 > Ai, as t increases from zero, z may pass through a maximum and approach the limit from above or may exhibit no maximum and approach the limit from below.
If the serum concentration of radioalbumin were constant, then Ai would be equal to zero. Thus from equation (7) we see that if the serum concentration of radioalbumin were constant, the limit that the tissue-serum ratio of radioalbumin approached would be fci/feo-That is
If iodinated human albumin behaves like rabbit albumin in its movement through serum and tissue, then k t and k» are also the fractional rates of transfer of rabbit albumin at the serum concentration of rabbit albumin existing in these studies. Furthermore, k^/kî s equal to the ratio of the concentration of rabbit albumin in tissue to its concentration in serum when the serum concentration is constant.
We begin the interpretation of the numerical data by estimating the values of the parameters of equation (2) which describe the serum concentration of radioalbumin. In figure 1 the points represent the plot of serum radioalbumin against time. The curve shown is the sum of two exponential curves which were visually fitted to the data. It is apparent that only two exponential components are necessary to describe the data. By graphical analysis we can estimate A\, 4 j , Ai, and ~)-.o from the intercepts with the ordinate and the slopes of the two exponential components. We find that A x is 9.7 X 10" 3 , A 2 is 20.0 X 10" 3 , X t is 0.141, and A2 is 3.65.
The next step in the interpretation of the data is estimation of the values of k x and kf or each of the tissues. We do this by finding the values of &i and k 2 which minimize the weighted sum of the squares t (9) where: Z =-observed average of the individual tissue-serum ratios; z = fitted tissue-serum ratio; n = number of animals on which the average is based; and v = variance of the individual tissue-serum ratios. We have treated Vv as proportional to z. The estimates are made by the standard procedure for determination of the values of parameters 13 which satisfy the least squares criterion when some or all of the parameters appear nonlinearly. Initial approximations for fci and fc« are needed for the computation. We approximate fcj as the experimentally determined slope of z at t = 1/4 day which is the nearest value to t = 0 (see equation 6) and fco from the experimentally determined plateau value of z (see equation 7) . Table 2 contains the numerical results of the analysis of the data. These include values for k, and k,, for the tissue-serum iodinated albumin concentration ratios, and for the ratios of concentration of iodinated albumin in interstitial water of tissues to that in serum. These values apply to rabbit albumin insofar as its movement is like that of iodinated human albumin. The curves shown in figure 2 are the plots of equation (4) obtained by using the values of fe t and k 2 for each tissue.
We have used the usual test for departures from regression 14 to test the fit of our data 
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• The values given apply to the behavior of iodinated human albumin in rabbits. Reasons are given in the text for considering that these are good approximations of the values applying to rabbit albumin.
f k t is the amount of albumin entering 1 Gra. of tissue/day expressed as a fraction of the amount in 1 ml. of serum, kj is the amount of albumin leaving 1 Gm. of tissue/day expressed as a fraction of the amount in that gram of tissue. k\/k } is the ratio of the concentration of albumin in tissue to that in serum which would exist under steady state conditions. The fraction, milliliters of water per gram of tissue, as determined by the sucrose space is designated by q/ki/kjq is the ratio of the concentration of albumin in the interstitial water of the tissue to its concentration in serum which would exist under stead}' state conditions. to the mathematical model used. This consists in treating the ratio of the minimized sum of squares around the fitted curve to the variation among individual animals as a test statistic whose distribution in random samples is approximately described by the F distribution. None of the tissues shows a significant departure at the 5 per cent level either individually or in combination. We therefore conclude that the data are consistent with the model.
DISCUSSION
The rate parameters we have determined apply specifically to iodinated human albumin. However, since there is considerable uniformitj r in the physical properties of serum albumin from various species of mammals,"' and since no great change in size or shape is produced by light iodination, the rates of movement of iodinated human albumin should be close to those of rabbit albumin. Immunologic processes should not have affected the mobility of the human albumin, since the data were collected before the precipitous drop in serum concentration which indicates that antibody formation has occurred. The validity of some of these considerations is hich shows that iodinated human albumin disappears from serum and appears in lymph at the same rate in dogs as does iodinated canine albumin. In the discussion which follows, statements concerning rabbit albumin are based on the assumption that it behaves like iodinated human albumin in its movement through rabbit tissues.
We wish now to interpret the simple compartmental model and the transfer rates obtained with its aid in the light of current concepts of the circulation of albumin through tissues. In so doing we shall accept the theory that the transport of water and solutes insoluble in lipids occurs by filtration and diffusion through pores in the intercelluar cement of the capillary walls. 800 We shall also assume, as a first approximation, that all the albumin in each tissue is dissolved in the interstitial fluid of that tissue. The simple model from which we derived our equations is shown in figure 3 . In figure 4 the structure of tissue is more closely represented. A piece of tissue is shown as a square in which DUNCAN, COBNPIELD AND BUCK capillaries are represented as a single capillary and lymphatics as a single lymphatic. Sites of entrance of albumin into tissue are at the arterial and venous ends of the capillaries. Exit occurs at the sites of entrance and also via the lymphatics. Water niters from sernm to tissue at arterial ends of capillaries and from tissue to serum at venous ends of capillaries, at each site transporting some albumin. Gross diffusion of albumin between serum and tissue occurs in each direction at both arterial and venous capillary sites. We shall assume that interstitial fluid passes into the lymphatics without change in composition and is removed from the tissue as lymph. From this model and current concepts of filtration and diffusion through porous membranes 8 " 10 a quantitative formulation can be derived. Let T represent transport of albumin, let the superscripts i and o indicate whether transport is into or out of the tissue, and let the subscripts d and / indicate whether transport is by diffusion or filtration. Let y be the concentration of albumin in tissue.
DA'a
Then dy at 'T, -°T. -
Let A -area at a given site for the nitration of water in 1 (4m. of tissue; A' -limited pore area at a given site for passage of albumin in 1 Gra. of tissue; £\x = length of path of passage through the capillary wall; F =• rate of flow of water through exchange surface at a given site in 1 Gm. of tissue; D «= diffusion coefficient of albumin; q -fraction of the tissue which is interstitial fluid. Designate the arterial ends of the capillaries as site 1, the venous ends of the capillaries as site 2, and the lymphatics as site 3. Use the site numbers as subscripts to identify the location of each -4, A', As, and F. 
and
A',F t y Fzy oT, = + At(14) Substituting equations (11), (12) , (13) , and (14) in (10) we have
Comparing equations (15) and (1) we see that (16) and
DA\ DA', A'tF, F s
Aij? An q (17) From equations (16) and (17) we obtain
The quotient ki/k 2 q equals the ratio of the concentration of iodinated albumin in interstitial water of tissue to that in serum which would be reached if the serum concentration were constant. It is also equal to the ratio of the concentration of rabbit albumin in the interstitial water of tissue to its concentration in serum when the serum concentration is constant. Since
it is apparent from consideration of equation (18) that for a given F 1} the larger F 3 is, the smaller ki/knq will be. This is simply a quantitative aspect of the fact that bulk transport out of the tissue via the lymphatics permits molecular sieving in passage from serum to tissue to cause a concentration difference between serum and tissue. It is also apparent, since the coefficients of F 2 and F 3 are larger than those of .Fi 10 that increasing F\ decreases the ratio k 1 /k 2 q.
The physical model we have discussed so far seems appropriate for skin, tendon, and sclera. Though there are differences in the values for k^ and k 2 among these tissues, the differences are not large. The physical model discussed should apply to cornea satisfactoryexcept for exchanges across the corneal surface. How important these are for albumin is not known. It appears probable that the very low values for the transfer rates into and out of cornea are related to its avascularity and lack of lymphatics.
The aorta differs from the physical model proposed in that there are two possible sites of entrance into the tissue. Albumin may have entered both, across the intimal endothelium and from the capillaries supplying the adventitia of the aorta. The low concentration of albumin in the interstitial water of aorta could be due to either of the circumstances discussed in connection with equation (18) ; a high rate of filtration into the tissue or a high proportion of the water filtering in being removed hy lymphatic drainage.
At present we can compare the rates of movement of albumin into rabbit tissue with those into human tissue in only a fragmentary way. Rothschild and co-workers 2 injected iodinated human serum albumin into man and, by means of biopsies, followed the concentration of the iodinated albumin in the skin. They reported their data in a graph of the tissue-serum concentration ratio against time. The initial slope of this curve is equal to ki. The value for k x that we obtain by determining the initial slope of their curve is 0.12. This is very close to our value of 0.10. They give no serum data in this paper, but from data published by them at the same time in another paper 17 we have computed Xi. Thus we have the necessary information to calculate &2 by equation (7) . The value we obtain for k 2 by this analysis of their data is 0.52 which is close to our value of 0.68 for rabbit skin. Thus we can conclude that the rates of movement of albumin into and out of rabbit skin are very close to the rates for movement into and out of human skin. Analysis of their
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FIG. 5. The model assumed for the computation from serum data alone of the rates of movement of albumin from serum to tissue and from tissue to serum. Kj is the rate parameter for movement from serum to tissue, K-the parameter for movement from tissue to serum, and K, for destruction of albumin.
data for human muscle gives a kx of 0.009 and a k 2 of 0.315. We have determined transfer rates for rabbit muscle in connection with work not yet published and have found a &i of 0.024 and a k 2 of 0.808. The transfer rates for the muscle of immature rabbits is thus somewhat higher than that for mature men. The ratio kx/ko is almost identical for rabbit and human muscle (0.029 and 0.030).
We now consider the relation between the transfer rates we have studied and the transfer rates for the rest of the tissues in the body. We do not, of course, know the transfer rates for other individual tissues. However, it is possible on the basis of simplifying assumptions to calculate from the serum concentration curve, values of &i and k 2 for a gram of average body tissue. This average value is a function of the amounts of various tissues in the body and their particular transfer rates. The model assumed is illustrated in figure 5 . Exchange is considered to-take place between one serum and one tissue compartment. Destruction of albumin is considered to occur in the tissue compartment. The alternative assumption that destruction occurs in serum would not alter the conclusions we shall draw from the numerical results obtained with the model. The procedure for determining, from the behavior of the serum concentration curve, the transfer rates for exchange between compartments is presented in detail in the appendix. Computation from our data for rabbits yields values of k% and fc 2 for 1 Gm. of average tissue of 0.085 and 1.29 respectively. We thus see that some of the specific exchange rates we determined are less than and some are greater than the average rates.
We have determined the exchange rates for 1 Gm. of average human tissue from the serum data 17 mentioned above. The &i and k 2 obtained are 0.032 and 0.42 respectively. These values are less than the values for 1 Gm. of average rabbit tissue. The difference iu average values may be due to most tissues in rabbits having somewhat higher transfer rates than the same tissues in man. On the other hand, it may be that there is a relative preponderance of the rapidly exchanging tissues in the rabbit, since the ratios of the weights of various tissues to total body weight differ in animals of different sizes. The value of the ratio fti/ft 2 for the rabbit (0.066) is close to that for man (0.076).
Permeability coefficients have been obtained by Pappenheimer and co-workers 810 for the transcapillary passage of molecules of various sizes into muscle. Their permeability coefficient is the transfer rate of the solute due to diffusion alone. Our transfer rate is the transfer rate of the solute due to both diffusion and filtration. Using our A^ for muscle, Pappenheimer's estimate of the capillary surface in muscle, and expressing the product kiS in his units, we obtain 0.0005 X 10 8 mols/cm. 2 /sec./mol/L. concentration difference for albumin. Albumin has the molecular diameter of 35.5 A. The largest of the series of molecules studied by Pappenheimer, myoglobin, has a molecular diameter of 19.5A and a permeability coefficient of 0.05 X 10 8 .
The ratio of the concentration of albumin in interstitial water of tissue to that in serum depends on the rates of transport at the various exchange surfaces (see equation 18). Our values for this ratio (table 2) range from 0.036 for aorta to 0.292 for skin. With the exception of the very low ratio for aorta, these values are in the range found by other investigators. 2 Possible causes of the low value for aorta have already been discussed.
Inspection of our serum concentration curve ( fig. 1) shows that in the rabbit it takes about 6 hours for the concentration of radioalbumin to fall to half of its initial value. In man the serum concentration of intravenously injected iodinated albumin falls to half of its initial value in about a day. For an analysis of this difference we will use our data from rabbits and the human data 17 dis-cussed earlier. We use once again the model presented in detail in the appendix. Radioalbumin is assumed to move from serum to an average tissue at rate K x , from tissue to serum at rate K 2 , and to be destroyed in tissue at rate K 3 . The greater Xi and X 2 , the greater will be the fall in the concentration of radioalbumin in serum. We see in the appendix that the greater K u K 2 , or K H , the greater Ai and X 2 will be. Analysis of the data from rabbits yields values of 2.50, 1.08, and 0.21 for K y , K 2 , and A' 3 respectively. Analysis of the data for humans yields values of 0.71, 0.34, and 0.08 for K u K 2 , and ff 3 respectively. Thus the more rapid fall in radioalbumin in rabbit serum is due to more rapid transfer rates between serum and average tissue and to more rapid destruction of radioalbumin. The more rapid transfer rates account for most of the difference.
SUMMARY
The rates of movement of albumin into and out of rabbit aorta, skin, tendon, sclera and cornea have been determined by analysis of the course of serum and tissue concentrations following intravenous injection of radioalbumin. As interpreted in the light of current theory, these rates consist of components due to diffusion and components due to filtration at capillary and at lymphatic exchange sites in the tissue.
The rates of movement into and out of tissues differ considerably in different tissues as do the steady state concentrations of albumin in the interstitial fluid of these tissues. Possible explanations of the differences are apparent from the formulation of the rates in terms of diffusion and filtration at capillary and lymphatic exchange sites.
The rates of movement into the specific tissues studied were compared with the exchange rates for average body tissue which can be computed from serum data alone. Exchange rates for average tissue in the rabbit fall within the range of exchange rates for the specific tissues studied.
The rates of movement of albumin into and out of human skin were calculated from data available in the literature and found to be very close to the values for the rabbit skin. However, the average tissue in the rabbit has faster transfer rates than the average tissue in man, leading to a more rapid fall in the serum concentration of intravenously injected radioalbumin.
The method employed is suitable for the determination of rates of movement into tissues of many macromolecules which move tbo slowly to be studied by other methods. ACKNOWLEDGMENTS We are grateful to Dr. Eugene Renkin for very helpful discussion of the interpretation of the transfer rates in physical terms, to Dr. Ernest Cotlove for valuable suggestions concerning several aspects of presentation of the study, and to Dr. Jesse Steinfeld for advice on the characteristics of I 1K albumin and methodology pertinent to its study. Mr. Alfred Casper assisted in many experiments related to the present study.
SUMMARIO IN INTERLINGUA
Le rapiditate del movimento de albumina a in e ex le aorta, pelle, tendine, sclera, e cornea de conilios esseva determinate per medio de un analyse del curso del concentrationes in sero e histos post injectiones intravenose de radioalbumina. In le lumine del theorias currente, iste valores resulta de componentes de diffusion e de componentes de filtration a sitos de excambio capillar e lymphatic in le histos.
Le rapiditate del movimento a in e ex le histos differe considerabilemente in differente histos, e le mesme vale pro le concentrationes de stato stabile de albumina in le fluido interstitial de ille histos. Possibile explicationes del differentials es apparente ab le formulation del rapiditates super le base de diffusion e filtration a sitos de excambio capillar e lymphatic.
Le rapiditate del movimento a in le histos studiate esseva comparate con le rapiditate de excambio pro histo corporee medie, le qual es computabile super le base de datos serai sol. Rapiditates de excambio pro histo medie in conilios se trova intra le limites del rapiditates de excambio pro le specific histos studiate.
Le rapiditates del movimento de albumina a in e ex le pelle human esseva calculate ab datos disponibile in le litteratura. Le resultatos esseva multo simile al valores pro pelle de conilio. Tamen, le histo medie del conilio ha plus grande rapiditates de transferimento que le histo medie human, con le effeeto de un plus rapide reduction del concentration serai de injectiones intravenose de albumina radioactive. Le methodo empleate es susceptible de esser usate pro le determination del rapiditate del movimento a in le histos de multe maeromoleculas le quales se move troppo lentemente pro esser studiate per altere methodos.
APPENDIX
Calculation of ki and kj for Average Tissue on the Basis of Serum Data Alone
The model assumed is shown on figure 5 . The body is assumed to consist of a serum compartment and a tissue compartment. The volumes of these compartments remain constant. Gross exchange rates between compartments are proportional to the amounts in the compartments. Mixing within each compartment is instantaneous. Destruction of radioalbumin takes place in the tissue compartment and is proportional to the amount in that compartment.
Let .S = amount of radioalbumin in serum; K = amount of radioalbumin in tissue; ATi=fraction of the radioalbumin in serum transferred to tissue per day; Kj"fraction of the radioalbumin in tissue transferred to serum per day; Ki»> fraction of the radioalbumin in tissue destroyed per day; D -dose of radioalbumin injected into the serum compartment at zero time. From the above we have Aj Now and From these last two equations we get X, X ,
K,*>
and Kt -\i + X, -Ki -K v Thus given the parameters of the serum equation we can solve for K\, Ki, and K%.
The relation between these K's and the k'a used in the body of the paper can be obtained as follows: Let G-grams of tissue other than serum per kilogram of body weight. Then and when V is measured in milliliters.
The first of the differential equations of this appendix can then be written as 
